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ABSTRACT.  A  nomographic  techniq,ue  developed  for  predicting  thermal 
hazards  in  explosives  was  applied  to  double-base  and  cast  ccanposite 
propellants.  Chemical  and  physical  property  data,  together  with 
differential  thermal  analysis  or  an  adiabatic  auto-ignition  determina¬ 
tion  on  the  material  under  investigation,  are  required  in  order  to 
solve  the  nomograi)hs.  Predicted  time  to  deflagration  for  representa¬ 
tive  propellants  was  compared  with  expeidmental  data  obtained  in  cook¬ 
off  tests.  The  need  for  improved  chemical  and  physical  property  data, 
extension  of  the  nomographs  to  accoiant  for  changes  occurring  with  time 
and  temperatxire  and  more  cook-off  data  on  larger  masses  of  propellant 
was  indicated.^  This  work  is  continuing  and  reference  is  made  to  NavWeps 
Report  Nos.  7769'' (U)  and  7775  (C). 
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During  the  period  January- June  I96I,  an  attempt  was  made  to  apply 
the  nomographical  technique  for  rapidly  predicting  themal  hazards  in 
ejiplosives  end  propellant  systems.  The  ncanographical  technique  was  de¬ 
veloped  by  Professors  Paul  A.  Longwell  and  Frank  A.  Conrad,  Station  Con- 
sultants,  in  conjunction  with  Dr.  C.  D.  Lind  of  the  Naval  Ordnance  Test 
Station. 

This  first  attempt  demonstrated  the  value  of  the  nomographs,  hut 
also  pointed  out  some  limitations  in  attempting  to  predict  safe -life 
of  large-sized  propvasion  masses.  This  initial  effort  is  being  escpanded 
and  results  will  be  published  in  subsequent  reports.  The  work  was  per¬ 
formed  in  the  Product  Evaluation  Branch  of  the  Propulsion  Development 
Department  under  Bureau  of  Naval  Weapons  Special  Projects  No.  71^01 -I* 
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INTRODUCTION 


The  accurate  prediction  of  the  time-to-deflagration  or  the  tlme- 
to-explosion  under  a  given  thermal  environment  is  essential  in  the 
testing,  processing,  handling,  and  storage  of  propellants.  In  the  past, 
extra  precautions  were  taken  in  any  operations  area  where  a  thermal 
hazard  was  known  or  suspected  to  exist.  As  advances,  present  and  fu¬ 
ture,  are  made  in  the  state-of-the-art  it  hecomes  apparent  that  new 
methods  are  desirable  for  the  prediction  of  thermal  hazards  especially 
for  the  growing  number  of  new  and  exotic  propellants. 

The  application  to  propellant  systems  of  a  rapid  method  for  the 
prediction  of  thermal  hazards  in  esqjlosive  systems  developed  by  P.  A. 
Longwell  (Ref.  l),  is  one  approach  to  this  problem  and  is  the  subject 
of  this  report.  Longwell 's  report  gives  the  background,  development, 
and  operation  of  a  nomographical  technique  for  solving  the  basic  rate 
eq,uations  leading  to  a  time-to-explosion  number.  C.  D.  Lind  (Ref.  2) 
reports  the  use  of  the  technique  with  hi^  explosives  and  also  discusses 
the  Interpretation  and  significance  of  the  results.  Since  each  nomograph 
can  Indicate  but  one  additive  operation,  a  sequence  of  operations  throu^ 
a  series  of  nomographs  is  required  to  solve  each  rate  equation.-  The 
nomographs  are  reproduced  from  NavWeps  Report  7646  (Ref.  1);  Pig.  Nos. 

1,  2,  and  3  are  the  nomographs.  The  reqxaired  sequence  of  operations  is 
given  in  these  figures. 

A  list  of  the  sjmbols  and  their  respective  definitions  as  used  in 
the  nomographs  and  in  this  report  follows: 

a  =  radius  or  half  thickness,  cm 

O 

p  =  density,  g/cxir 
Q  =  heat  of  decomposition,  cal/g 
Z  =  collision  frequency,  sec“^ 

E  =  activation  energy,  cal/mole 
K  =  specific  rate  constant 
A  =  themal  conductivity,  cal/^K  cm  sec 
R  =  gas  constant,  1.98?^  cal/mole  “K 
cx  =  axes  on  nomographs 
$  -  axes  on  nomographs 
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5  .  factor  =  .  e'®/™- 

Mii: 

s  initial  temperature  of  the  propellant 
=  critical  temperature,  *’C 
s  nomograpMcal  operator,  cal/mole‘’K 
s=  heat  capacity,  eal/g  "K 
=  surface  temperature,  *C 

"  (i/\  -  i/Ti;  ^ 

=  time-to-explosion  or  deflagration 

°K  ^ 

=  nomographic  operator,  (•—) 

2 

=  nomographic  operator,  sec/cm 

The  folloving  numerical  quantities  are  necessary  to  enter  the 
nomographs  for  the  complete  calculation  of  critical  temperature  and 
time-to-"decomposition'' : 

a,  p,  Q,  Z,  E,  A,  R,  c  and  5. 

These  values  can  he  determined  by  chemical  and  physical  laboratory 
tests,  along  with  either  a  differential  thermal  analysis  or  an  adiabatic 
auto-ignition  determination  on  the  material  under  investigation. 


To 

T 

ra 

b/t^ 
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PURPOSE 


The  need  for  theoretically  predicting  what  a  propellant  will  do 
upon  heating  becomes  obvious  when  one  considers  the  hazards  and  expense 
Involved  in  a  large  motor.  It  is  reasonable  to  determine  the  thermal 
behavior  in  propellants  experimentally  up  to  about  five  Inches  in 
diameter.  However,  scaling  up  these  cook-off  tests  exponentially 
raises  the  hazards  and  expense  involved. 

Because  scaling  operations  of  high  energy  propellent  systems  are 
extremely  hazardous,  as  well  as  costly;  maximum  efforts  have  been 
directed  toward  seeking  rapid,  reliable  methods  for  predicting  themal 


2 


hazaaxls.  Ihls  report  utilizes  the  nomographs  of  (Eef ,  1)  and  maises  a 
comparison  of  predicted  times -to-deflagration  with  experimental  cook¬ 
off  data  of  two  typical  propellant  systems. 


MATERIALS 


The  first  comparisons  were  made  using  a  double  base  and  a  cast 
composite  propellant.  The  two  propellants  used  were  X-l4  and  C-509* 
Their  respective  formulations  may  be  found  in  Solid  Propellant  Infor' 
mation  Agency  reports. 


EXPERIMEMTAL 


In  predicting  thermal  decomposition,  certain  basic  parameters 
must  be  obtained  experimentally.  These  thermal  parameters  include 
heat  capacity  (c),  thermal  conductivity  (X),  heat  of  decomposition 
(Q),  the  G^Z  product,  and  the  activation  energy  (E).  Heat  capacity 
(c)  and  thermal  conductivity  (X)  are  relatively  easy  to  determine 
with  an  acceptable  degree  of  accuracy.  It  should  be  noted  that  these 
two  values  do  not  enter  into  the  exponential  term  of  the  Arrhenius 

eq,uation  (k  =  hence  variations  do  not  affect  the  final  re¬ 

sults  to  the  same  degree  as  does  the  activation  energy.  The  activa¬ 
tion  energy  (E)  is  in  the  exponential  term  and  this  factor  gives  the 
greatest  amovint  of  variation  in  the  prediction  of  thermal  decomposition. 

This  argument  holds  only  if  E  and  QZ  are  known  to  the  same  accuracy. 
Determinations  of  E  can  be  more  accurate  than  QZ.  Activation  energy 
(the  energy  harrier  opposing  a  reaction)  is  generally  defined  as  the 
additional  energy  average  molecules  must  acquire  for  reaction.  Prom 
the  Arrhenius  equation: 


d  In  k  B 


or  its  integrated  form; 

E 

In  k  =  “  pj  +  const. 

the  plot  of  In  k  against  l/T  will  give  a  straight  line  with  a  slope  of 
-E/R.  Thus,  activation  energy  can  he  determined  from  rate  measurements 
at  two  or  more  temperatures. 
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of  activation  eners 


com  adlaDatic  autoi 


•Ehe  basic  principle  for  this  deteiminatloa  is  derived  from  the 
D.  A.  Prank-Ketnenetskii  (Ref.  3)  relation  vhich  is: 


T  +  pc  II  =  pQZe 


•e/rg? 


where  V  is  the  Laplacian  operator  and  definition  of  the  other  terras 
has  been  previously  listed. 


Rearranging  the  equation: 


_  .„2 


=  XV  T  +  pQZe 


self  =  heat  gained  +  heat  generated 
heating  by  by 

conduction  chemical  reaction 


The  adiabatic  requirement  sets  the  heat  gained  by  conduction  T) 
equal  to  zero  giving  the  simplified  equation: 


.  peze-V® 


dt  ~  c 


-e/rt 


Taking  the  logarithms  of  both  sides 


dT  ;  QZ 


E/BT 


dT  t 

Thus,  plotting  In  ^  against  l/T,  a  straight  line  with  a  slope  of  -E/R 


and  an  intercept  of  In  is  produced.  From  this  determination,  activa¬ 


tion  energy  and  the  quantity  ^  are  obtained.  Multiplying  ~  by  the 


heat  capacity  (c)  gives  the  terra,  QZ,  which  is  used  in  the  term 


on  Nomograph  I. 


V 
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Deter^i’T^atlon  of  activation  energy  by  a  va^laible  heating  rate  method* 


ais  method  is  based  upoa  the  fact  that  ia  dlffereatial  thennad 
saelysis,  the  temperature  at  which  a  pealt  temperature  occurs  will  vary 
with  heating  rate  in  certain  hinds  of  reactions,  An  es^ression  was  de¬ 
rived  relating  this  variation  with  the  kinetics  of  the  reaction. 
Kissinger  (Ref,  4  and  5)  develops  the  complete  theory  for  this  type  of 
detennlnation,  and  Pakulak  (Ref.  6)  discusses  its  application  to  a 
double-base  propellant  (X-l4).  Two  basic  relations  that  Kissinger 
developed  are: 

(1) 

m  _ 

m4-)  "  ’  ® 

m 


(2) 


E4 

2 

R'T 

m 


An  (1  -  X)^“^ 


-E/R'T 
e  '  m 


Where: 

A  =  frequency  factor,  sec  for  first  order  reactions 
i  =  heating  rate,  ®K/sec 

'^m  ~  temperat;ire  at  point  of  maximum  reaction,  “K 
E  =. activation  energy,  cal/mole 
R  =  gas  constant,  I.987  cal/mole  °K 
X  =  fraction  reacted 
n  =  order  of  reaction 

From  equation  (l),  plotting  In  — ^  against  77=—  ,  a  strai^t 

'T^  V 

m 

line  results  whose  slope  is  equal  to  (-E/r).  After  the  activation 
energy  is  obtained,  the  quantity  "A"  may  be  calculated  from  equation 
(2). 


("A",  which  is  often  cited  in  the  literature  as  the  term  "Z", 

is  called  the  collision  frequency  and  has  the  units  of  sec 
for  first  order  reactions.  This  "A"  or  collision  frequency 
should  not  be  confused  with  the  heat  generation  coefficient 
tern  (a)  used  by  chemists  in  recent  reports  (Ref.  7^  8^  and  9). 
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In  tlieB®  ©arllei*  reports  (A)  had  ch.j  ’jnits  of  oal/see.  om^  and  in 
the  present  symbols  is  defined  as  the  product, 


In  Kef.  6,  Palculafc's  calculations  indicate  an  order  of  reaction  of  0.95 


n 

to  l.Oj  and  nCl-x)”"***  is  approximately  one  for  all  values  of  n. 


'n 


!Phus,  equation  (2)  may  he  simplified  to; 


Eli) 


~  A  e 


-b/rt 


It  is  difficult  to  say  which  method  is  the  most  reliable  since 
little  comparison  with  experimental  data  from  the  two  has  been  made. 
Adiabatic  autoignltion,  however,  does  have  the  advantage  of  being  able 
to  determine  the  necessary  data  from  one  test,  and  in  obtaining  the 
product  (QZ)  directly;  thus  eliminating  the  necessity  of  a  separate 
determination  for  Q. 


■i  ■' 
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Tlie  q.'uestion  arises  as  to  why  the  actiyation  energy^  which  direct¬ 
ly  affects  varies  over  such  a  wide  range  in  adiabatic  autoigoitioa 
tests,  ‘aree  samples  from  the  same  lot  and  run  in  the  same  manner  gave 
these  reseats.  Mster  (Ref.  7)  reports  the  same  with  AM2639M,  which 
is  a  similar  aluminized  polyurethane  type  of  propellant.  Ihis  situa¬ 
tion  is  difficult  to  understand  but  can  probably  best  be  answered  by 
the  fact  that  these  propellants  are  extremely  autocatalytlc  in  nature. 
As  will  be  seen  later,  this  difference  in  activation  energy,  is  some¬ 
what  compensated  for  by  QZ  and  does  not  greatly  affect  the  prediction 
of  critical  temperature.  It  does  have,  however,  a  subtly  larger 
effect  on  the  prediction  of  time-to-deflagration. 

In  order  that  comparison  could  be  made  between  predicted  and  ex¬ 
perimental  results,  data  were  needed  closely  simulating  the  actual 
situation.  The  data  available  that  fitted  this  qualification  closest 
were  cook-off  tests.  In  a  cook-off  test,  a  sample  is  held  at  a  preset 
oven  temperature,  and  the  time-to-deflagration  of  a  given  size  and 
shape  of  propellant  is  determined.  oSie  following  table  is  a  tabulation 
of  cook-off  data  for  various  sizes  of  X-l4  and  C-509. 
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TmE  II.  EXPEIUMENTAL  COOK-OFF  KBSULTS  FOR  X-l4  MD  C-509 


X-14 

i  V  10^ 
T(OK)^  10 

lime -To -Deflagration 

Size  (dla. ) 

tC'f) 

(Hrs.) 

1" 

a6i 

2^1-.  98 

3-7 

1" 

261 

2k:  9S 

7.2 

1" 

25^ 

25.22 

12.8 

1" 

2i^2 

25.65 

88.0  (up  to  252“F 
and  went  at  95  4rs . ) 

5" 

226 

26.25 

8.5 

5" 

223 

26.37 

12.2 

5" 

221 

26.44 

16.9 

5" 

220 

26.48 

19.5 

5" 

2Z7 

26.21 

21.1  . 

5" 

a5 

26.68 

37.0 

C-$09 


1" 

384 

21.33 

4.78 

1" 

370 

21.69 

,19.50  (no  cook-off) 

1" 

370 

21.69 

10.30 

1" 

360 

21.96  ' 

6.77 

1" 

356 

22.07 

6.93 

1" 

350 

22.23 

9.08 

1" 

350 

22.23 

8.13 

1" 

350 

22.23 

8.00 

5" 

360 

21.96 

18.57 

5" 

348 

22.29 

25.08 

51. 

330 

22.79 

50.85 

5" 

300 

23.69 

240.00  (no  cook-off) 

1"  dia.  cylinder 

1.27  116  117 
1.27  116  118 
1.27  116  119 
1.27  116  120 
1.27  116  125 
1.27  116  130 
1.27  116  135 


25.62 

25.55 

25.49 
25.43 
25.12 
24.80 

24.50 


5"  dia,  cylinder 

6.35  99  102 

6.35  99  105 

6.35  99  110 

6.35  99  115 

6.35  99  120 

6.35  99  125 

6.35  99  130 

12“  dia.  cylinder 

15-24  90  95 

15.24  90  100 

15-24  90  105 

15.24  90  110 

15.24 

15.24 


90  120 
90  130 


26.64 

26.44 

26.10 

25.76 

25.43 

25.12 

24.80 


27.16 

26.80 

26.44 

26.10 

25.43 

24.86 


a 

^1 

1' 

■^1 

e 

.Time 
to  ex- 

Radius 

•c 

“C 

|(Oj^)Xl0 

1-  plosion 

cm 

(&.) 

1"  dia.  cylinder 

** 

1.27 

225 

227 

19.99 

0.30 

1.27 

225 

230 

19.87 

0.19 

t 

1.27 

225 

235 

19.68 

0.13 

1.27 

225 

240 

19.49 

O.U 

1.27 

225 

250 

19.11 

0.10 

1.27 

225 

260 

18.76 

0.08 

5"  dia 

.  cylinder 

6.35 

193 

195 

21.36 

4.80 

6.35 

193 

200 

21.13  ' 

2.50 

6.35 

193 

210 

^.70 

2.00 

6.35 

193 

220 

20.28 

1.70 

6.35 

193 

236 

19.87 

1.10 

6.35 

193 

240 

19.49 

0.80 

12"  dia.  cylinder 

15.24 

176 

178 

22.16 

27.00 

15.24 

176 

180 

22.07 

19.50 

15.24 

176 

185 

21.83 

13.50 

15.24 

176 

190 

21.59 

11.40 

15.24 

176 

200 

a. 13 

8.70 

15.24 

• 

176 

220 

20.28 

3.70 

r 

MwiK  ropom!  mh 


TABU  ni.  PR1DIC2ED  DECOMPOSITION  EESTILTS  FOR  X-l4  MD  C-509  (Coat'd). 


x-i4 

C-509 

a 

Radius 

cm 

"C 

T 

*^1 

“C 

'll 

1  e 

4,T3.me 

to  ex- 
1  „t^4  plosion 

T(“K)^^  (Hr.) 

a 

Radius 

cm 

I 

m 

"G 

"^1 

°C 

to^- 
1  .^4  plosion 

(Hr.) 

54"  dia.  cylinder 

54”  dia.  cylinder 

68.58 

78 

85 

27.92 

700 

68.58 

152 

154 

23.40 

380 

68.58 

78 

90 

27.54 

490 

68.58 

152 

.155 

23.36 

340 

68.58 

78 

100 

26.80 

190 

68.58 

152 

160 

23.09 

280 

68.58 

78 

110 

26.10 

50  ' 

68. 58 

152 

165 

22.82 

193 

68.58 

78 

120 

25.43 

10 

68.58 

152 

170 

22. 56 

170 

68.58 

78 

130 

24.80 

2 

68.58 

152 

180 

22.07 

120 

68.58 

152 

190 

21.59 

71 

68.58 

152 

200 

21.13 

39 

68. 58 

152 

220 

20.28 

8 

In  Pig.  predicted  values  of  time-to-decompositioa,  surface 
temperature,  and  critical  temperature  data  are  shown  for  various  sizes 
of  X-lk  propellant.  Pig.  5  is  identical  in  scope  to  Pig.  4  and  shows 
the  predicted  data  for  C-509.  Fig.  Nos.  6  throu(^  9  are  comparisons 
between  the  experimental  and  predicted  values  for  1"  and  5"  samples  of 
X-l4  and  C-509*  Pig*  Nos.  10  and  11  show  an  interesting  correlation 
which  is  also  shown  in  Fig.  Nos.  4  and  5  in  a  different  manner.  This 
relationship  is  the  variation  in  critical  temperature  for  different 
sizes  of  propellant  from  infinitesimal  mass  to  the  mass  of  very  large 
propellant  grains.  In  practice  it  is  found  that  small  samples  ranging 
from  ten  to  twenty  milligrams  when  decomposed  give  decomposition 
temperatures  which  fall  near  the  infinitesimal  mass  asymptote.  Data 
on  these  small  samples  were  derived  from  differential  thermal  analysis. 
This  report  represents  the  initial  effort  in  predicting  thermal  hazards 
using  the  nomographical  technique.  Considerable  efforts  are  indicated 
for  improvement  in  experimental  chemical  and  physical  property  data, 
e.g.,  Q,  p,  c  and  A.  Extension  and  modification  of  the  nomographs  is 
also  indicated.  For  example,  the.hasic  equations  on  which  the  nomo¬ 
graphs  are  constructed  do  not  account  for  changes  in  E  and  QZ  with 
time. 


The  transition  from  the  testing  of  pure  compounds  of  simple  shapes 
to  composite  propellants  of  complex  composition  and  cross  section  (Ref. 
8)  poses  many  problems.  Not  only  are  there  problems  with  the  auto- 
catalytic  nature  of  certain  materials  and  the  effects  of  stabilizers. 
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tli®re  also  exists  p^olDlems  im  beat  tr.isibfer  that  ©a*®  vijy  coiplex. 
es^erlmeatal  cook-off  data  oa  haad  does  not  sbow  tbe  predicted  asp^totlo 
approach  to  the  critical  temperatiire.  Bae  limited  es^erlmental  cook¬ 
off  data  has  been  linearly  represented. 

This  discussion  has  heen  presented  to  shov  the  present  state  of 
the  problem  of  predicting  decomposition  of  propeUants,  to  indicate 
what  has  been  accomplished  and  in  what  areas  further  work  is  needed. 

This  report  indicates  the  difficulties  invol'ved  in  predicting 
thermal  decomposition  of  propellant  systems.  The  data  fit  reasonably 
well  in  some  cases.  With  improved  chemical  and  physical  property  data, 
extension  of  the  cook-off  data  to  larger  masses  with  improved  instru¬ 
mentation  techniques,  and  investigations  in  the  extension  and  modifica¬ 
tion  of  the  nomographs  to  accomt  for  changes  occurring  with  time  and 
temperatui'e.,  it  is  hoped  to  more  closely  predict  critical  temperatures 
and  times  for  advanced,  large -massed  propellant  systems. 
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FIG,  3.  Nomograph  8, 


DECOMPOStTION,  HOURS 


SURFACE  TEMPERATURE  °C 

COMPARISON  BETWEEN  PREDICTED  AND  EXPERIMENTAL  DECOM¬ 
POSITION  DATA  FOR  5“  CYLINDERS  OF  C-50S 

a 


■■■'VI* 


Mm  ip^if  mk 


^OTMOEE 

1»  Uf  S.  lava^  f^st  Statiom,  GMma  Lsi?®.  Oaloulatloiw  of 

CHtlotl  f^a^f^atuj'©  ®q4  fiaa-to-lj^oilcffli  for  Ps^eHooti  and 
Is^OilT©®,  'by  fatO,  A*  XioaftfaH*  CMna  Laik©,  Oallf,;  I0TS>  Jfeircia 
!$&.,  (lAWifS  Haport 

£*  tj.  S«  Naval  Ortoaaic©  'East  Station,  OMna  Late.  ®iem®l  ®eoQffl®o»l* 
tlott  ^afactaristlcs  of  Ij^losives,  'by  C,  L.  Lind.  China  Late, 

Calif,,  NOIS,  (ln-proQ®ss).  (NA'VWEK  Report  7798),  CONFinElWm. 

3,  fi?ank-Kamen«tskil,  D.  A*,  "Diffusion  and  Heat  Ixohange  In  Ohealeal  ' 

Kinetios".  Acta  fhys.-Chlm,,  USSS  10,  365  (1939)*  (franslated 
by  Ihon,  N.,  Rrlnceton  University  Reess,  Nev  Jersey,  1955)  • 

it-.  Massinger,  Homer  K.,  "Reaction  Ittnetics  in  Differential  fheriaal 
Aaalysio*^-  Analytical  Chemistry,  7ol,  29,  P*  1702  (1957)* 

5,  JSLsslnger,  Homer  1.,  "Variation  of  Peah  lemperature  With  Heating 

Rate  in  Differential  ®jemal  Analysis*'.  Journal  of  Research  of  A 

the  National  Bureau  of  fittaadards,  Vol,  57,  P*  217  (October  1956)* 

6.  N.  S.  Naval  Ordnance  Teat  .Station,  China  Late.  Tb.ermal-Rate 
Studies  on  a  Double-Base  Propellant  Using  a  Derivative  Differential 
thermal -Analysis  'Eeohnique" ,  by  Jack  M,  Pahulak,  Jr.  China  Late, 

Calif.,  NOTS,  17  January  I961.  (NAVWEPS  Report  7612). 

?.  U.  S.  Naval  Ordnance  Laboratory,  White  Oalc,  Maryland.  Sensitivity 
of  Propellants,  by  AdaLph  B.  Amster.  NAVDRD  62^,  15  January  1959* 

OONPIDIOTIAL. 

8.  Loftus,  J.  J.  and  Gross,  D.,  "fheimal  and  Self -Ignition  Propeities 
of  Six  Ib^losives."  National  anreou  of  Standards  Report  6548, 

23  September  1959*  ,  . 

9.  Loftus,  J.  J,  and  Gross,  D,,  "Theimal  and  Self -Ignition  Properties  ' 
of  ®iree  Solid  Propellants."  National  Bureau  of  Standards  Report  •' 

6111,  U  August  I95B. 


£4 


■f 


+J  -H 
H  «1  ® 

®  "a  « 

O  Ih  o 
•H  ® 

43  N  t) 

fa  s 

f4 

ho  H  <D 

Q  oi  W 

as® 

9  A 
(3  ®  I 
,  >0  ® 


ft  ®  N  eg 
®  ft  -rt 

S  y  M 


^  I  I  J  g  « 

S  D*  cd  M 

44  ®  -H  ij  N 

m  ^  e  ft 

®  P  43  d  •  M 

&4  0  (3  ft  M 

tH  m  ^  a  M 

®  0  P  ^ 

9  ^  o  'I'  S 

e3  «  H  (NO 

®  O  (3 

l3  -H  O  •  P 

P  44  -H  f4  • 

ij  0  43  O  H  o 

O  P  ft  tH  P  /*N 

P  td  (>>  ft  P 

H  ®  fH  ®  iH  P 

rt  S  hb  p  I> 

>  ft  O  (N 

cd  ,  a  -  ® 

^  ®  0  <i  P  ft 

^  O  P 
•PI  ,  f3  44 

CQ  cd  l-H  o  oa 

.  >.10  °  S 

p  pIo  ft  !5 


'rt  0)  >,  M 

8  sst ir 

o*  I-I  W  0)  ® 

H  ft  o  ft  i 
a  «  a  0  «J 


44  ®  M 

H  m  ®  (D  0) 

cd  p  cd  P  ,a, 

O  ^  Q  M  44/ 

t4  cd  ^  ft  \ 

43  hi  P  A  H 

ft.  d  fl  ft  cd 

(3  P  cd  P 
M  P  44 
w  H  0)  a  d 

6  d  m  cd  0) 

I  i  p  H  s 

a  0  I  cd  94 

^  P  0)  O  94 

<J  -P  r4  -H  p 

.pap 


ca  0)  p  44  (D 

«  ^  0)  a  p 

<aj  ft  ,4  cd  44 

H  H  a 

a  ft  rH  60 
0  ft  ®  O 
94  d  ft  +4 


d  P 

44  ^, 

CQ  -.ft 
CQ  N 

• 

g  t 

a  S 

0)  *.  ft 
44  •  (B 
o  'H  eg 
ft  -H 


i  ««  h 

O  44  0 

a  cd 

ftp® 

•H 

(Oft® 
44  44  >» 
Pan 
®  0  d 

I  0  ft  a 

ft  O  cd 

I  A  H 

0  d 

H  a 
44  d  a 
®  o  d) 
d  P  P 
O  ®  P 

P  .§*  H 

a  ft  d 

gJ  *H 

rQ  4^ 

0)  a  a 

M  d  0) 

d  a 

p  H  d) 

I  d  p 

d)  O  99 
H  P  p 

•e  i  p 


m 

a  d) 

d)  p 

.  0 


mWEPS  EEPOET  777^  '  WAWEPS  EEPORT  777^ 


ill 


(L>  lA 

3E 

(U  t~- 


I 

83  2^ 

(D  tD 
_  Pi  "d  ^ — ' 

^  S  S  Oa 

+3  fi|  VD 
E  Mt- 
fH  p  t- 

0)  o  -g  ^ 

w  9  to 
(L)  -H  O 
CQ  +3  s 
m  9 
03  o  01 
a  o  "ii 
m  O 

M  « 
--  u 

H 


*H  "w  <3)  ^  M  d) 

i  iS  2  S.S'S 


O  ‘H 
W  O  tQ  O 

0)0  S  -H 
tiO  <H 

0  0)  A 

^  fc: 

9  ^ 
O  f- 


iHiim 


I 


’  ♦ 


13  Chief,  of  Wttp^s 

IlLl-31  (2) 

BW  (1) 

M  (1) 

IM-1  (1) 

SM-3  (1) 
iM-35  (1) 
iW  (1) 

(1) 

Ei®E-a  (1) 

Riffill-5  (1) 

EEM-6  (1) 

RT-n  (1)  1(1) 

1  Naval  OraajEiO®  l4iboaMi-tory,  Oak  (» 

3  Naval  IropaHmt  ELaat,  laSita  laaA 

Code  P  (2) 

Code  E  (1)  MijoryBB  BLaai; 

2  Naval  Weapons  Services  Office,  Naval  Sacrsiaento 

1  Bureau  of  Naval  Weapons  Residant  Bepref 

1  Chief  of  Ordnance  (ORDKF) 

1  Aberdeen  Proving  feound  ytlstooiieB  (■pechnical 

4  Army  Rocket  &  (taided  Missile  Ag^icy,  m 


Library,  ORIOCR-CMi) 

2  Hcatinny  Arsenal  (Librsa^y) 

1  White  Sands  Proving  Crouad  (^Dechnical 
1  Headquarters,  IT.  S.  Air  Force 


{iyAnseLes  (ra)SI3?-7-l62) 


Air  Force  Ballistic  Missile  Division,  (POTRl) 

Air  Proving  Gromd  Center,  Eglin  Air  Fdj^jjg^g 
Tactical  Air  Comitiand,  Langley  Air  ^^o^yi.pjfetesrson.  Air  Force  Base 
Wright  Air  Development  Division,  CtePCR) 


1 
1 
1 

1  _ _ _ _ 

10  Aimed  Services  Technical  Infoimatlon  ^^roSSupfpLy"  Staff  (Reports 


4  British  Joint  Services  Mission,  Minisi 


(WWAD) 


Officer),  via  BuWeps  (DSC)  UStefC  C'W)^  via  BuWeps  (DSC) 

4  Defence  Research  Member,  Canadian  Join1,^ij^  (Ubrarian),  via  BuWepsEep 
1  Aerojet  “General  Corporation,  Azusa,  CaJy  BuWepsERep 

1  Aero  Jet  “General  Corporation,  8acrament<ij^j  (librarian) 

1  Allegany  Ballistics  Laboratory,  Cumber^juuggjj^  Ldbrarlaa  for  De- 
1'  Amo^u:‘  Research  Foundation,  Chicago  (Dc 
partment  M) 

1  Arthur  D.  Little,  Inc.,  Cambridge  (W.  t  ,,  (Library) 

1  A-KLantie  Research  Corporation,  Alexands|pJ 

1  Convair,  San  Diego  (Engineering  Librars  StjUjiLagton  (Assistant 
11.  I.  du  Pont  de  Nemours  &  Company,  Inc 

Director  of  Research)  _  .  '  ikiMtaaeat,  Wllmlngbon  (A.  M«  Ball) 

1  Hercules  Powder  Ccut^any,  Explosives  Dej 


V 


1  Jet  Propulsion  Liiborator;#',  cn?,  Passadena  (Idbraxy) 

1  LocMieed  Aircraft  Corporation,  Missiles  jSnd.  Bpace  Division,  Pelo 
i0.to,  Calif.  (Polaris  Propalsion  Department,  66-27;  Polaris  System 
Integration) 

1  Mimesota  Mining;  &  Manufacturing  Company,  St.  Paul  (George  E.  Cbutka) 

1  Ho^tiyne,  Caaoga  Park,  Calif.  (Idbrariaai) 

2  Bocketdi^ae,  McGregor,  Tex.  (Ll-l^rarcy) 

1  Bohm  &  Haas  Comjpany,  Beit' ton.?  Arsenal  Researcli  DiTlsion  (lAAorariaa) 

2  Solid  Propellant  Infoimation  Agency,  Apjlled  PHysics  Laboratory, 

J10,  Silver  Spring  (K.  P.  Ocke'rfe) 

1  Southwest  Research  Institute,  Department  of  Cheanistry  and  -T-iemical. 

Engineering,  Sain  Antonio  (Dr.  K.  C.  McKee) 

1  Standard  Oil  Company,  Reseaa'ch  Department,  Whiting^  Ind.  (B,  H. 
Shoeoaker) 

1  Thiokol  Ghemlcial  Corporation,  Bedstone  Dlvieloa,  Bedstooe  .Arsenal 
(fechnlcal  Library) 


NOTS  a  3(0  (lO-fl)  170 


